INTRODUCTION
Obesity, which can be due to high dietary fat intake, is a rapidly growing problem worldwide. 1 It is designated as a circumstance of excessive and unusual fat aggregation that may unfavorably affect the health. More than 1.9 billion adults were registered overweight in 2016; and 650 million of them were obese, with 2.8 million persons pass away each year as a consequence of being overweight or obese.
2 Obesity, is accompanied with diversity of chronic diseases, such as diabetes mellitus, hypertension, and hyperlipidemia. In addition, obesity, has also been linked to dangerous effects on spermatogenesis, which can affect the fertilization rate. 3, 4 Testosterone, the primary male sex hormone produced by Leydig cells, it plays a significant role in the development of male reproductive tissues and spermatogenesis.
Recently, many studies have used high-fat diet (HFD) to induce obesity by a nutritional involvement in several experimental animals, HFD has been shown to induce hyperglycemia and whole-body insulin resistance, many investigators have demonstrated that HFD induces lipid metabolic disorder and leads to a lack of male reproductive function, such as decreased serum testosterone level, sexual hormones metabolic disorder, apoptosis of seminiferous tubules cell and a significant deterioration of sperm function parameters, including a decrease in semen volume reduced score for sperm count, decreased motility associated with a significant increase in sperm cell malformation, and disturbing of blood testeis barier integrity. [5] [6] [7] Recent studies using many herbal medicines exert protective and therapeutic effects on the testes and spermatogenesis in animals fed HFD. Curcumin has been shown to reduce HFD-induced spermatogenesis impairment and apoptosis of the seminiferous tubules. 8 Nigella sativa enhance fertility by means of increasing the healthy sperm number and preventing sperm anomalies in HFD fed rats. 9 Cinnamon significantly reduced the cholesterol, triglycerides, and low-density lipoprotein levels and increased high-density lipoprotein in rats fed with a high cholesterol diet "HCD" and improved the disorganized and shrinking of the seminiferous tubules of those received only the HCD. 10 Eurycoma longifolia "EL" (publically known as Tongkat Ali) is a herbal medicinal plant found in South-East Asia, It is a small rain forest flowering, un-branched, medium-sized slender shrub. The root of the plant has been commonly consumed in traditional medicine for the treatment of many diseases in South-East Asia countries. EL has potent antibacterial, antimalarial, antipyretic, antifungal, and antioxidant properties.
Tissue specimens
The rats were sacrificed at the end of 12 th weeks by cervical dislocation. The testis specimens were processed. Multiple 4 µm sections were obtained and stained using haematoxylin and eosin (H&E).
Statistical analysis
All analyses were conducted using one-way and repeated measures ANOVA using SPSS ver.22.0 software. To determine the significant difference among groups, Post-hoc comparison (Tukey's test) was used. Pearson's correlation coefficient was applied to calculate the correlation between total testosterone levels. p < 0.05 was considered as statistically significant.
RESULTS

Testosterone level
The results of the present study revealed that there was no significant difference in the testosterone serum levels for all the groups at the beginning of study; while a significant elevation in testosterone level was observed during the treatment with EL at week 6, in both treated groups "NDEL and HFDEL" (p < 0.05) compared with ND and HFD groups (ND vs. NDEL, p < 0.05) and (HFD vs. HFDEL, p < 0.05). The F value was statistically significant (F (3, 20) = 52.3, p < 0.001)), partial η2 = 0.89, indicating that there was a difference of testosterone levels among groups over time. The rising tendency in both treated groups persisted till week 12. The mean testosterone level of the NDEL group elevated from 3.017 (0.36) (nmol/l) to 8.3 (1.2) (nmol/l), moreover the mean testosterone level of HFDEL group increased from 3.87 (0.62) (nmol/l) to 8.13 (1.2) (nmol/l). While the mean of testosterone levels in ND and HFD were nearly identical throughout the duration of the experiment.
Histopathological investigation
Microscopic examination of testes sections from the rats of ND group "received normal diet" revealed normal seminiferous tubules (ST) architecture separated by interstitial connective tissue. The ST composed of regular cells of spermatogenic series orderly organized in the ST wall ( Figures 1A and 1B) . EL group rats "received normal diet and EL" exhibited normal morphological structure of ST, spermatogenic cells, and interstitial connective tissue with no indication of histological deformities ( Figures 1C and 1D ).
HFD (group HFD) leads to testicular damage, showing change in the general structure and shape of the ST, some tubules revealed disorganized and vacuolated germinal epithelium germinal epithelium, and thickness of the tubular walls was increased ( Figures 1E and 1F ).
HFD treated rats also showed congestion of blood vessels, degenerate parts of some seminiferous tubules, vacuolation of germinal epithelium with the absence of spermatogonial series and pyknotic nuclei of primary spermatocytes (Figures 2A-2D ).
The rats of group HFDEL that were treated with HFD and EL showed that the ST acquired improvement in seminiferous tubules structure with normal complete spermatogenic series compared with HFD group as evident by the presence of normal testis architecture with regulated with normal STs diameter and absence of cellular damage ( Figures 2E  and 2F ).
The EL extract has exclusively been used for enhancing testosterone levels in males.
14 It has theability to increase testosterone levels in the circulation of hypogonadic males and laboratory animals. 15 In previous studies, the authors explored the consequences of EL treatment on atherosclerosis-related parameters in HFD fed rats; EL significantly reduced triglyceride elevated by HFD and attenuated atherosclerotic plaque developed in the aorta and maintain the normal vascular structure. 16 In the current study we examined the protective effects of oral administration of EL on testosterone level and the histopathological changes in the testes of HFD fed rats.
METHODOLOGY
Eurycoma longifolia root (EL) extract
The root extract was purchased from Biotropics Malaysia. It was prepared and administered by oral gavage as described previously. 17 
High-fat diet
The high fat diet Pellets were purchased from MP Biomedicals, California, USA (Next Gene Scientific Sdn. Bhd).
Animals and experimental design
Prior to commencement of the study, an ethical approval was obtained for use of animals from the International Islamic University Animal use and care committee according to the Malaysia animal welfare act 2015 with reference number (IIUM/519/14/4/IACUC).
Twenty four healthy adult male SD rats weighing 250-300 g were kept under appropriate environmental conditions such as room temperature weeks as described in Table 1 .
They were maintained at room temperature (22-24°C) with adequate ventilation, 12 h light-dark cycle and about (50 ± 5%) humidity. After one week of acclimatization, they were randomly divided into four groups of 6 animals each and treated for 12 weeks as follow: Group ND was given only normal diet, group NDEL was given normal diet and EL extracts (15 mg/kg) dissolved in distilled water, group HFD was given only high fat diet and group HFDEL was given high fat diet and EL extracts (15 mg/kg).The EL extract was administered by gastric gavage.
At the end of 12 th week, the rats were kept in fasted state for 12 hours prior to anaesthesia and then sacrificed by cervical dislocation.
Collection of blood samples
Blood samples were obtained at week 0, 6 and at week 12. Blood samples were collected from all experimental groups under general anesthesia; the diethyl ether. A capillary tube was gently inserted in the optical sinus and the required volume of blood was collected in a sterile glass tube containing gel for serum separation. After allowing the blood to clot at room temperature for 20-30 minutes the blood samples were centrifuged at 3000 rpm for 15 minutes. The centrifuged serum was stored at −80°C untilthe biochemical evaluation was done.
Testosterone assay
Testosterone levels were directly assessed by chemiluminescent immunoassay (CLIA) on the high-performance ADVIA Centaur® XP system as described previously. 
DISCUSSION
It has been shown that HFD altered the carbohydrate metabolism, the testicular architecture and leads to spermatogenetic damage and impaired the fertility. 6, 18, 19 In the present study, serum testosterone, was comparable between normal diet and HFD animals, this in consent with Fernandez et al. who observed analogous testosterone levels in HFD rats compared with standard chow fed rats. 20 Serum testosterone depletion accompanied with a reduction of sexual organ weight was observed in rats that fed on hypercaloric diet. 21 The present histopathological result of HFD feeding is comparable to earlier studies of HFD-induced testicular injury; the HFD fed rats' revealed degeneration in testicular morphology, characterized as atrophied seminiferous tubules, disruption in spermatogenesis and vacuolation of germinal epithelium, this is contestant with previous studies who demonstrated atrophied seminiferous epithelia, coalescence between spermatogenic cells and impaired and loosely organized Sertoli cells in mice fed HFD. 22 Atrophied seminiferous tubuli were also observed in HFD treated rats associated disconnection of the degenerated STs from the interstitial wall with increased area of the connective tissue and remarkable apoptotic activity in Leydig and Sertoli cells. 9 Vacuolar alterations in seminiferous tubules, spermatogenic cell dysfunction, and increased apoptosis of spermatogenic cells in testicular tissue was also observed in HFD treated rats. 23 Currently, many herbal medicines therapeutic available been recommended for the treatment of obesity. Eurycoma longifolia Jack (EL) or Tongkat Ali is a very well-known traditional medicine, EL has gained remarkable consideration in latest years because of its beneficial effects for many disorders and diseases and its strong sexual enhancing effects. 15 EL, significant retrieve serum testosterone level further closely associated with medical circumstances such as obesity, metabolic syndrome, diabetes or hypertension, improving sexual health and demonstrated significant positive effects on bone health and physical condition of patients. 24 After six weeks of treatment with EL (NDEL and HFDEL), the rats in the present investigation showed a significant elevation of testosterone levels when compared with the control groups (ND and HFD). This was supported by earlier studies where EL is influential of producing an immediate increase testosterone production in intact rats. 25, 26 It promoted testosterone steroidogenesis at the rat testicular Leydig's cells by inhibiting aromatase transformation of testosterone to estrogen. 27 No significant differences of testosterone level was detected when both groups treated with 15 mg/kg of EL was compared with each other (NDEL and HFDEL), this observation is consistent with former studies on phytoandrogenic effect of EL in rats and showed that El act as testosterone booster, 24 and might be ascribed to the valuable effect of EL itself rather than to the differences in fat content of the diet, thus supplying further indication of the folk-use of EL as aphrodisiac and testosterone promoter. The effect of EL on somniferous tubules architecture demonstrated some optimistic protective findings. There were noticeable improvements observed in the HFDEL group compared to the severe deterioration in somniferous tubules of HFD group, indicating the testicular protective potential of EL. These deleterious effects of HFD have been abrogated with the administration of EL extract.
The mechanisms underlying this effect remain far less clear. A former study has proposed mechanisms that EL has the capability to activate the steroid 17 α monooxygenase to promote the metabolism of pregnenolone and 17 hydroxy pregnenolone to yield more dehydroepiandrosterone (DHEA), 4-androstenedione, and eventually to produce testosterone. 26, 23 Other investigators showed that the presence of the specific inhibitors for the cytochrome P450scc (CYP11a),17,20-lyase,17β-hydroxy-steroid-dehydrogenase(CYP17a) and calcium ion channel such as aminoglutethimide, ketoconazole and the calcium ion channel blocker, nifedipine, significantly influenced the testosterone levels. 27 EL root extract was outstanding and successful in the management of male infertility in. This is associated with the testosterone-enhancing effect of EL; that in turn, may activate spermatogenesis in testicles and improve the quality and quantity of sperms in ejaculate. 29 In addition, the elevation in sperm concentration in sub-fertile men might also be assigned to the suppression of apoptosis of sperms in the presence of anti-sperm antibodies. 30 In the present study the apoptosis of the spermatogenic cells was reduced in EL treated groups. Other studies have linked the positive effects of EL on male's fertility to the increased level testosterone as well as to its anti-oxidative features. 31 Previous study has shown that antioxidant supplementation could improve male reproductive activities. 32 However, other investigators have suggested that the eurypeptides (the prime of component the EL) may have played eminent role in liberating the bound-form of testosterone from sex hormone-binding globulin that might raise free form of sex hormone in the serum.
33,34
CONCLUSION
The results of this indicate that Eurycoma longifolia root extract has a preventative effect against testicular injury which is induced by high fat diet. Further ultrastructural study is in progress to evaluate the cytomorphological changes in the testes of rats treated with HFD and the specific role of EL in protection.
